Abstract: Background: Dyeing of textiles and textile substrates has been known since ancient times. Now the increased awareness about natural products, use of eco-friendly products has been increased worldwide. Natural colorants from wastes may be the eco-friendly alternate towards this approach of finding new sources of colorants with simultaneous lowering of environmental pollution. Marigold is one of the wastes discarded, particularly in India after using for religious purposes or garlands. This study is a step towards waste utilization for industrial application.
INTRODUCTION
Dyeing of textiles and textile substrates has been known since ancient times. There have been a lot of trends about dyes; natural dyes used in the beginning and synthetic dyes overtook the space in 19 th century on grounds of a long range of shades, good fastness and economically affordability [1] [2] [3] . Now due to the increased awareness about natural products, use of eco-friendly products has been increased worldwide. In the textile industry also natural dyes got the attention of researchers and scientific community for their better biodegradability and higher compatibility towards environment [4] [5] [6] . Natural dyes are known for characteristics such as nonallergic and non-toxic to human body, some therapeutic values, non-carcinogenic and safe with environment [7] [8] [9] [10] .
*Address correspondence to this author at the Department of Chemistry, Jamia Millia Islamia (A Central University), New Delhi-110025, India; Tel/Fax: +91-9350114878; E-mail: faqeermohammad@rediffmail.com With the evaluation of natural dyes in the textile industry new sources of colorants are being sought. Natural colorants from wastes may be the eco-friendly alternate towards this approach of finding new sources of colorants with simultaneous lowering of environmental pollution. Wastes produced from timber industry, food and beverage industry can be utilized to extract colorants for textile dyeing [11] . Marigold (Tagetes erecta) plant is one of the plants used as new sources of colorants in the textile industry [12] . Marigold species are grown all over the world for ornamental purposes. In eastern countries, these are also used loose or in garlands for social and religious purposes. Bioactive compounds extracted from different parts of Tagetes species were also found exhibiting nematocidal, fungicidal and insecticidal activities [13] . Charming yellow color of marigold attracted researchers towards its application as a colorant for textiles. Carotenoid compounds from marigold flowers are the main coloring matter for food and textile coloration, Fig. (1) [14] . The present study is focused on the utilization of Marigold flowers to develop a shade range on wool. Coloration property of Tagetes erecta flowers with metal mordants is evaluated and a data bank of shades obtained. Effects of the dye concentration and metal mordants such as alum, ferrous sulphate, stannous chloride on color characteristics of developed shades and their fastness properties are studied. 
MATERIALS AND METHODS

Materials
Methods
Extraction of Colorants
Aqueous extraction of dye was carried out in aqueous medium (pH=7) with 1:20 material to liquor ratio (M:L) at 90°C temperature with constant stirring. After boiling for 45 minutes, the solution was cooled and filtered through a clean cotton cloth. This procedure was repeated for three times to extract maximum colorant from Marigold flowers. Final extracted solution was used for subsequent dyeing experiments.
UV-visible and FT-IR Spectral Analysis
UV-Visible spectrophotometer (T80 + UV/Vis Spectrometer, PG Instruments Ltd.) and Perkin Elmer Spectrum RXI FT-IR System were used for UV-Visible and FT-IR spectral analysis respectively, of T. erecta natural dye extract.
Mordanting
Pre-mordanting method with three metal mordants (alum, iron sulphate and tin chloride) was opted. Alum, iron and tin mordants of concentrations 10%, 5% and 1% o.w.f. respectively were used in mordanted dyeing. In binary combinations, half of their concentrations and one third in case of ternary combinations were used. Woolen yarn samples were soaked in water before mordanting and transferred to the mordant solutions at about 30°C. The temperature of the mordant solution is raised at a constant rate up to 90°C and kept at this temperature for 1 hour with constant stirring. Mordanted woolen yarn samples were rinsed with tap water to remove unused mordants on wool.
Dyeing
Un-mordanted or mordanted woolen yarn samples were immersed into dye baths of varying concentrations, maintained at M:L (material to liquor) ratio of 1:40 at neutral pH conditions. Temperature of dye bath is raised at constant rate up to 90°C and kept for 60 min with constant stirring to achieve uniform dyeing. Dyed samples were treated with acidic (pH = 4.0) and alkali (pH = 9.0) solutions of hydrochloric acid (HCl) and sodium carbonate (Na 2 CO 3 ) respectively to demonstrate the effect of pH on dyeing processes. Dyed and after treated woolen yarn samples were washed with non ionic detergent Safewash, Wipro (5ml/L) and rinsed with tap water. Samples were dried in shade at room temperature.
Color Measurements
Color measurements of dyed woolen yarn were carried out by following standard procedure. Color strength (K/S) and CIEL*a*b* values are recorded on Gretag Macbeth color-eye 7000 A spectrophotometer connected to a computer with installed software of MiniScan XE Plus. Color strength (K/S) values were calculated by using Kubelka-Munk equation:
where K is the absorption coefficient, S is scattering coefficient and R is reflectance of dyed samples.
Chroma (c*) and hue angles (h o ) were calculated using the following equations: 12:2016) by mounting the fabric on panel and giving ten strokes for both dry and wet rub fastness tests. The samples are assessed for staining on white adjacent fabric (cotton and wool).
RESULTS AND DISCUSSION
UV-Visible and FT-IR Spectral Analysis
UV-Visible and FT-IR characteristics of T. erecta natural dye extract are shown in Fig. (2) . UV-Visible spectrum of T. erecta shows maximum absorption at 255 and 355nm, which are the characteristic peaks for π-π* transitions of conjugated double bonds in carotenoids in marigold dye extract. FT-IR spectral analysis of T. erecta shows the characteristic peaks corresponding to the presence of specific functional groups. Characteristic absorption band from 3200 cm -1 to 3400 cm -1 indicates the presence of hydroxyl groups in carotenoids (Lutein), while peaks in the range of 1640cm -1 are of C=C and conjugated C=C. Weak bands from 1000 to 1500 cm-1 are assigned to the C-O stretching and the bending vibrations.
Color Characteristics
Color characteristics in terms of color strength (K/S) and CIE-L*a*b*c*h o values of woolen yarn dyed with different concentrations of T. erecta with or without mordants are evaluated. Various factors such as isoelectric nature of wool, and bonding like hydrophobic forces of attraction (Van der walls forces), ionic forces and hydrogen bonding are respon- Wavenumber (cm -1 )
sible for dye interaction with fiber. Dye-metal-fiber coordination complexes play an important role to get the effective interaction and color property to the fiber in case of metal mordanted wool [15] . In this study metal mordants and their combinations are utilized to get shade range with quite satisfactory results.
Effect of Concentration of Dye and Mordants on Color Strength of Dyed Woolen Yarn
Dye concentration is varied from 1% to 20% o.w.f. to get a range of shades on wool with or without the application of mordants. Color strength (K/S) is directly proportional to the dye concentration i.e. with increase in dye concentration; an increase in color strength (K/S) is observed which results in deeper shades. Higher concentration of dye bath results into enhanced rate of diffusion of dye onto the surface of woolen yarn from solution. Acidic and basic treatments of dyed woolen yarns significantly altered color strength values with or without mordants, and a range of shades with different color tones are obtained (Fig. 3) .
Metal mordants (alum, iron and tin) individually or in combinations affected the color strength appreciably with the effect of dye concentration [16] . Iron salts increased the color strength values quite high owing to strong binding affinity towards dye molecules and wool fibers via coordination complexation and thus produced deeper shades on fiber [3, 17] . Alum mordant, having low tendency for complexation, decreased the color strength and lighter shades are obtained. In case of tin mordant, bright shades obtained with low color strength values.
As observed, all the three mordants effectively changed color characteristics of dyed wool. Combinations of metal mordants in different proportions (stated earlier in mordanting) are used and their cumulative effects on color properties are investigated. Iron mordant enhanced the color strength in combinations also, may be due to the strong affinity of wool and dye towards iron for complex formation. In binary combination, alum and tin also enhanced the color strength. In case of iron mordant, acidic treatment lowered the K/S values but increased in case of alum and no significant effect in case of tin mordant is observed, this shows the sensitivity of the metal salts towards varying pH. In all combinations (binary and ternary) of mordants, alkali treated dyed wool samples are found with higher color strength (K/S) values, while acid treated ones are with lower color strength values, Fig. (4) .
Lightness (L*)
Lightness is inversely proportional to the concentration of dye. Lightness plot, Fig. (5) shows the effect of dye concentration and mordants on lightness. Higher dye concentration leads to a decrease in lightness means darker Alum and tin mordants effectively increased the lightness as per their inherent property of brightening of shades. Iron mordant singly or in combination adversely affects the lightness results. Brightening effect of tin mordant dominates over iron in combination. Alum mordanted-dyed woolen yarn samples are not much affected with treatments; while iron mordanted dyed samples are found highly varied. Mordanted dyed samples with a combination of mordants are also affected by after treatments.
a* and b* values
The a* and b* plot, Fig. (6) gives the position of shade's color in quadrants. Complete data base of shades obtained by T. erecta dye with or without mordants, have different coordinates in color space owing to their specific color tones of each shade. Acid and alkali treatments also changed the color tones of developed shades. Alum and tin mordanted dyed shade's color coordinates are observed shifted towards more yellow region owing to the brightening property of alum and tin mordant in comparison to un-mordanted dyed wool samples. While iron mordant shifted a* and b* plot towards red region owing to the darkening effect of iron mordant [3] . Tin mordanted dyed wool samples are found more shifted in comparison to alum.
In metal mordant combinations, a* and b* plots were found highly affected by tin mordant in both binary and ternary combinations. The cumulative effect of dye concentration, mordants and after treatments scattered the color coordinates in quadrants randomly providing exclusive color shades, Fig. (7) .
Chroma (c*)
Chroma (c*) defines the intensity or saturation of color obtained on dyed wool. Chroma (c*) is plotted with the effect of dye concentration and mordants in Fig. (8) . With the increase in dye concentration, chroma values are found in increasing order i.e. chroma is directly proportional to dye concentration. High chroma values of acid treated wool samples giving intense colors to the textile material wool, whereas, neutral and alkali treated wool samples give colors of low intensity comparatively. Among metallic mordants, tin mordanted samples are found with highest chroma values (c*) whereas iron mordanted samples are found with lowest chroma (c*). Tin and iron mordant combinations also give intense colors with dominating effect of tin. Tin mordant in binary and ternary combinations also enhanced the intensity of colors appeared on wool dyed samples.
Hue Angle (h o )
Hue angle (h o ) gives the color its name. The hue angles are in the range of 75° to 85°, and all the dyed woolen yarns are placed in the yellow-red quadrant. From a* and b* plots, it is concluded that most of the color coordinates are more towards yellow coordinate with angle of more than 75°. With the increase in dye concentration hue angle decreases, means shifting of color coordinates towards red axis. Among the metallic mordants tin mordanted dyed samples are having relatively higher hue angle and iron mordanted dyed samples lower. In combinations, alum and tin combination increased the hue angle but, iron and tin combinations are affected inversely. Acid and alkali treatments, not much affected hue angle results in both the cases of control and mordanted dyed samples, Fig. (9) .
Fastness Properties
Light, wash and rub fastness properties are evaluated on grey scale and rated as average to excellent range, Tables 1-4.
Light Fastness
For light fastness, it is observed that all woolen yarn dyed with T. erecta showed very good to excellent results. Woolen yarn samples dyed with all concentrations of dye are good resistant to photolytic degradation. Mordants iron and alum (singly and in combination), supported the dye-mordant-fiber interaction via coordination complexation leads to the greater photostability of woolen yarn. Least fastness (mostly 4/5 on grey scale) is observed in tin mordanted dyed samples of lower concentration of dye. Tin mordant also affected light fastness results in combination with alum mordant, while iron dominated over tin in combination. Fig. (7) . a*-b* plot for binary and ternary combinations of metal mordants. 
Wash Fastness
The T. erecta dyed woolen yarn (un-mordanted as well as mordanted) showed wash fastness results in good to excellent rating (3) (4) (5) and negligible staining on adjacent fabrics (cotton and wool). A little adverse effect of mixed mordants for wash fastness results was observed. The pH treatment plays a crucial role in wash fastness results; acid treated samples shows somewhat decline in fastness results, but alkaline treatment does not alter much. This may be attributed to sensitivity of the dye molecules with different pH media. Woolen yarn samples dyed with lower concentration of dye are found more stable with washing. Ternary combinations results are found least in case of washing fastness.
Rub Fastness
Un-mordanted and mordanted dyed woolen yarn samples are tested for dry and wet rub fastness properties and found good to excellent on grey scale. Rub fastness results of single metal mordanted dyed samples are found relatively better than mixed ones, probably due to competition among them to bind to dye and fibers. Wet rub fastness results are observed of little lower rating on grey scale in comparison to dry rub fastness results of rating upto 5 on grey scale. All the metallic mordants performed good in rub fastness results. Binary and ternary combination of mordants adversely affected rub fastness results to some extent.
CONCLUSION
The purpose of this study was to evaluate the potential of T. erecta, natural dye on woolen yarn for coloration. Dyeing and color fastness (light, wash and rub fastness) properties of woolen yarn dyed with T. erecta with or without metallic mordants are comparatively investigated and a correlation between shade color and dyeing parameters is established. Production of a large range of shades with good colorimetric and fastness results on the application of mordants and their combinations was successfully evaluated. Mordant combinations used in this study have not been found with satisfactory results relatively but developed exclusive shades. T. erecta natural dye can provide bright hues with good color fastness properties with metallic mordants. 
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